Objective: To investigate possible associations between dental caries, obesity, sweet taste preference and sensitivity to bitter taste in children and adolescents. Material and Methods: This is a cross-sectional study with a sample of 462 schoolchildren aged 6-15 years enrolled in public schools of Pato Branco, PR. Their oral conditions were examined by adopting the criteria of the World Health Organization. Nutritional status was assessed using anthropometric criteria, adopting the reference standards of the Center for Disease Control and Prevention. To determine the taste sensitivity, sweet taste preference and sensitivity to phenylthiocarbamide (PTC) tests were applied. In the statistical analysis of data, Chi-square, Mann Whitney and Kruskal Wallis tests were used, adopting significance level of 5%. Results: Low dental caries severity levels were observed among students. Overweight was diagnosed in 24.4% of students. The lowest DMFT index was recorded among obese individuals (p <0.05). High levels of sweet taste preference were identified. No statistically significant association was detected between the sensory characteristics assessed and the occurrence of dental caries and obesity in the study sample. Conclusion: The high levels of sweet taste preference, as well as the dental caries and overweight rates observed, although with no statistically significant associations, highlight the need for intersectoral interventions with a focus on healthy eating habits in order to reduce the risk and incidence of chronic diseases in this population.
Introduction
The sensory characteristics of taste sensitivity to sweet and bitter is hereditary and sweet taste preference is innate [1] and can be adjusted according to the higher or lower exposure to food items containing sugar [2] . Current data have shown that despite recommendations for maximum sugar consumption of 15 kg / year [3] , the average consumption of Brazilians is nearly four times this amount, reaching levels of up to 59.2Kg / year [4] . This high sugar intake can potentially cause numerous problems to the health of individuals such as the development of several noncommunicable chronic diseases (NCD) [5] ), among which dental caries [6, 7] and obesity [5, 8] .
There are variations in taste sensitivity in humans [9] and some studies have shown that the taste sensitivity to phenylthiocarbamide (PTC) and 6-n-propylthiouracil (PROP) is associated with liking sweet flavors or not [10] . The scientific literature has pointed to a higher prevalence of dental caries among children insensitive to bitter taste [9, 10] . The amount and frequency of sucrose intake are important factors involved in the etiology of dental caries and the development of obesity, although the relationship between both is not causal, diet plays a significant etiological role in common [11] . However, the literature addressing the relationship between both shows conflicting results [12, 13] , and little has been explored about the relationship between these two health problems with the taste sensory characteristics of children [14] .
Urbanization and the concomitant increased exposure of foods containing sugar increases the taste threshold for sweet, a fact that leads to higher consumption of sugar and increased risk for developing dental caries, hypothesis confirmed by a study conducted in Iraq [15] , which demonstrated that subjects with high levels of sweet taste preference consumed larger amount of sugar and had higher incidence of dental caries than other subjects. These results are in line with a study conducted in Brazil [14] that found that in addition to the higher prevalence of dental caries, higher levels of obesity are observed in children with high levels of sweet taste preference. In contrast, in other Brazilian publication [16] , the association between sweet taste preference and dental caries could not be detected, although 76.5% of children have preferred the most sugary tea concentrations (0.6 to 0.9M).
According to studies on taste sensitivity, children insensitive to bitter taste may show more frequent consumption of higher concentrations of sugar compared to sensitive ones and are therefore more susceptible to dental caries [9, 10] . Similarly, those insensitive to bitter taste usually consume more fat and / or energy than sensitive subjects, so a strong association between insensitivity to bitter taste and higher Body Mass Index has been found [17] .
Brazilian studies [12, 18] evaluating the common risk factors for dental caries and obesity in schoolchildren aged 12-15 years, regardless of school type, found no evidence that indicated association between these two diseases. Global health promotion actions, through the control of a small number of risk factors, may have a great impact on various diseases and at a lower cost compared to approaches to specific diseases [19] . Working with the common risk factor "diet" can prevent various diseases.
Brazilian Research in Pediatric Dentistry and Integrated Clinic 2014, 14(4): [283] [284] [285] [286] [287] [288] [289] [290] [291] [292] Whereas the amount and frequency of sucrose intake are important factors involved in the etiology of dental caries and development of obesity and that these may be influenced by the sensory characteristics of taste sensitivity to bitter taste and sweet taste preference, the aim of this study was to investigate possible associations between these variables in children and adolescents in southern Brazil. From the total of 9,226 schoolchildren aged 6-15 years of both genders enrolled in public schools in 2006, the minimum sample size was estimated at 385, dimensioned to an error probability of 3% and 95% confidence. This value was added of 20% (N = 462) for eventual losses and refusals.
Material and Methods

Laryngeal
After the development of a pilot study with 60 schoolchildren for calibration and training of the team involved, participants were selected using the simple random sampling technique. Informed consent forms were signed by parents / guardians. The data collection period covered the first semester of
2007.
First stage: Assessing nutritional status, oral health and sociodemographic data Caries experience was assessed using the dmft index (number of decayed, those with extraction indication and filled deciduous teeth) and DMFT (number of decayed, missing and filled permanent teeth), according to the diagnostic criteria defined by the World Health Organization (WHO) [20] . A single examiner, with the aid of a recorder, led all examinations. In the intraexaminer agreement assessment, the Kappa value obtained was 0.91. In the data analysis, the prevalence of dental caries was assessed (proportion of subjects with dmft / DMFT ≥1) and the severity / intensity of the disease (average dmft / DMFT in the group).
Clinical examinations were conducted according to WHO recommendations [20] , under natural light, ambient conditions, with the aid of a clinical mirror after cleaning the teeth with gauze to remove food debris when necessary. Biosecurity standards have been met by the field team.
The nutritional status of children was assessed by anthropometric measurements of weight and height by an appropriately trained team. Weight was measured in kilograms using a Plenna digital anthropometric scale with capacity of 150 kg and 100gr scale and height was measured in meters with a tape measuring type Secca vertical stadiometer. A single data collection was performed and the children were evaluated without shoes and wearing the school uniform only.
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For the diagnosis of the nutritional status, the Body Mass Index (BMI) was calculated and the classification was made taking as reference the curves of the Center for Disease Control and Prevention (CDC) for children and adolescents aged 2-20 years [21] . Students with BMI below the 5th percentile were diagnosed as underweight. Those with BMI above the 95th percentile (p95) were classified as obese; and those with BMI between the 85th percentile (p85) and the 95th percentile (p95) were considered overweight.
A semi-structured questionnaire to identify socio-demographic characteristics was applied by trained interviewers.
Second phase: assessing the taste threshold to the bitter taste and sweet taste preference Genetic susceptibility tests to bitter taste and sweet taste preference were conducted in a subsample of 105 children, which included students with and without dental caries and with and without excess weight (overweight and obesity). This subsample was calculated from the minimum sample n established, 385, considering the margin of error (5%) and the caries (40.6%) and overweight and obesity (24.0%) prevalence, which were found in the pilot study. The n estimated to caries was 23 and for obesity 26. Considering possible losses, we worked with n equal to 30.
The evaluation of the sweet taste preference was performed using a modified version [16] of the Sweet Preference Inventory [22] , where five different concentrations of sugary tea solutions: 0.075; 0.15M; 0.3M; 0.6M and 0.9M were appreciated. The solutions were prepared on the day of evaluation and placed in five pots, with identification codes. When performing the test, five cups (50ml), with codes strategically placed were randomized on a tray. Standardized instructions, appropriate to the age group of children were provided. After all the solutions have been tried, the student was asked to indicate that of his preference. During the testing process, students had at their disposal a glass of water (200ml) for mouthwash between stimuli.
The sensitivity to bitter taste was established by the method, whereby the test-solution of phenylthiocarbamide (PTC) is diluted by a factor of 1: 2 in 15 steps, starting from the most diluted solution (0.5 μmol•L-1) to a maximum concentration of 8.5 mmol • L-1 [23] . In the test conducted with students, two drops of different solution concentrations were applied on the back of their tongues, starting with the most diluted. Between each solution concentration, they rinsed their mouth with water. They were asked to indicate in which of the solutions, the bitter taste was perceived for the first time. Students who recognized the solutions below the median threshold were classified as sensitive and those who did it above the median value as insensitive.
Data analysis was performed using the Statistical Package for Social Science (SPSS), version 17.0 for Windows. First, descriptive univariate analysis was performed, followed by bivariate analysis. The Kolmogorov-Smirnov test indicated the necessity of using non-parametric statistics in the treatment of numeric variables. Thus, to test possible associations between the study variables, the chi-square, Mann Whitney and Kruskal Wallis tests were applied. Statistical significance was set at 5%.
Results
Of the total students invited to participate in the study, the response rate obtained was 90.2% (417 out of 462), and from the 417 students who started the study, 32 (7.6%) were excluded for the following reasons: incomplete questionnaire (n = 9) or absence of anthropometric measurements (n = 23). The final sample consisted of 385 schoolchildren.
Among children and adolescents of this study, there was a predominance of females (68.1%), age group 6-10 years (60.0%), stable union of mothers (68.3%), and low maternal educational level (80.8%). As for income, it was observed that 63.4% of families earned up to two minimum wages per month.
With regard to oral and anthropometric assessments ( Statistically significant correlation (p <0.05) was found between caries severity in the permanent dentition and the nutritional status of the population studied, with lower DMFT index (0.71 ± 1.69) in the obesity group. Unlike in the primary dentition, obese subjects exhibited higher dental caries rate, but this relationship did not reach statistical significance. It is noteworthy that only in the permanent dentition, the prevalence of caries was significantly lower among students who were diagnosed with low weight or obesity (Table 1) .
In analyzing the relationship between the two health problems evaluated and the demographic characteristics of students (Table 2) , it was observed that caries severity in the permanent dentition was significantly higher in females (DMF-T = 1.40, SD = 2.14) and among students above 11 years (DMF-T = 2.34, SD = 2.79). On the other hand, in the primary dentition, observed, but higher obesity rate was observed in the age group 6-10 years (73.5%). Sensory tests were conducted with 105 children / adolescents (Table 3 ), among which a high level of sweet taste preference was observed, and 68.6% chose high sugary solutions (0.6 and 0.9 M), 13.3% chose low sugary solutions (0.075 and 0.15 M) and the rest chose intermediate sugary solutions (0.3M). In relation to the sensitivity to bitter taste, there was proportionality between insensitive (50.5%) and sensitive students (49.5%). It was observed that in this subsample of children, overweight and obesity rates were equal to 16.2% and 23.8%, respectively. Despite the higher caries index in deciduous teeth have been reported among students who preferred more concentrated sucrose solutions (dmft = 1.65) and among those classified as sensitive to bitter taste (dmft = 1.69), these relations did not reach statistical significance. In the analysis of the permanent dentition, no significant association was observed between dental caries severity and sensory tests. The DMFT index was higher among students who showed high sweet taste preference, but was similar between sensitive and insensitive to bitter taste (Table 3) .
No statistical association between nutritional status and sensory tests was found (Table 4 ).
The high sweet taste preference prevailed among all students, regardless of nutritional diagnosis, and the greatest overweight and obesity rates were observed in the group of students classified as sensitive to PTC. 
Discussion
Studies conducted in Brazil seeking to explore associations between sensory factors of sensitivity to bitter taste, sweet taste preference, dental caries and the presence of obesity in schoolchildren were not found. In this study, no significant associations between these health problems and sensory factors were found; however, the lowest dental caries rate was found among those who preferred less sugary solutions. In addition, a higher percentage of obesity was observed among individuals with high sweet taste preference and sensitivity to bitter. When the relationship between oral and anthropometric conditions was evaluated, statistically significant association was found (p <0.05), and the lowest DMFT index was recorded in the obese group.
The absence of statistical association, when taste tests were introduced, had also been perceived by other authors [14, 16] . However, as in our study, these authors found that the prevalence of caries in the primary dentition was higher in the group of individuals who chose higher sucrose concentrations. Similarly, in the permanent dentition, higher caries severity was observed in the group of children with high levels of sweet taste preference. Previous studies have mentioned that the association between sweet taste preference and dental caries can be hidden when the most common preference is high [15] . With respect to sensitivity to bitter taste, similar proportions of insensitive (50.5%) and sensitive students (49.5%) were found, which had similar dental caries rates, differing from a previous study [9] , where the proportion of 1/3 of insensitive to bitter taste was reported, besides the existence of association between insensitivity to bitter taste and higher dental caries severity. In relation to the association of this sensory characteristic with the presence of overweight and obesity, contradictory results with those of previous publication were also found [24] , and, in our study, a higher proportion of overweight students were classified as sensitive. It is noteworthy that in both studies, statistically significant association between sensitivity to bitter taste and nutritional status was not verified.
Evidence indicates that obesity is related to preference and intake of sweet and high-fat diet, suggesting that liking sweet can be genetically mediated [25] . Although most obese individuals preferred solutions with the highest sucrose concentrations of this study, no significant association between sweet taste preference and nutritional status was found. Similarly, a cross-sectional study conducted with 12-year-old children [26] found an association of sugar consumption with the DMFT index, but not with body mass index (BMI). On the other hand, in investigation that evaluated the relationship between overweight / obesity, dental caries and sugar consumption in 463
adolescents [27] , caries experience was associated with both overweight / obesity (OR = 3.68, CI =1.79-7.56) and sugar consumption more than once per day (OR = 3.13, CI =1.25-7.85).
Publications specifically addressing the relationship between dental caries and excess weight (overweight and obesity) have shown controversial results [12, 18, 28] . Some studies reported no association between dental caries and obesity among adolescents aged 12-15 years [12, 18] . In contrast, significant association between dental caries severity and obesity in children and adolescents was reported in another study [29] , which identified higher dental caries rates among obese individuals. The analysis of data of a national survey conducted in the USA between 1999 and 2002 [30] found that the Body Mass Index (BMI) was inversely associated with dental caries severity in the permanent dentition, a result similar to our study, where it was observed that obese children showed lower dental caries rate when compared to those with normal weight. Perhaps, this lower dental caries severity among obese individuals is related to the greater intake of cariesprotective foods such as high-fat products. But this is a hypothesis, further investigations that include the type and amount of food eaten by the study population can better explain these relationships. In addition, there is a need to investigate confounding factors such as age, economic class and the country children live (if developed or not), as they may influence the results [13] .
The small size of the subsample studied may explain the inconsistency of results for the sensory tests. However, the fact that the study included all obese individuals (N = 28) diagnosed in the first phase of the study should be taken into account. Although the number of obese individuals is increasing, they still represent a small percentage of the population, making it difficult to collect information from larger groups, especially with more delimited ages. other epidemiological studies precisely due to differences such as study site, time of performance and age group analyzed. The ideal situation would be conducting multicenter studies for this type of research.
Conclusion
Despite the absence of a statistically significant association between sensory factors and chronic diseases, the high levels of sweet taste preference, as well as the high dental caries and overweight rates registered in the study population are noteworthy. Findings in this study highlight the need for intersectoral interventions with a focus on healthy eating habits with sugar consumption restriction aimed at preventing chronic diseases and also indicate the need for further studies to explore the complex relationship between sugar intake, dental caries, obesity and confounding factors.
